Motor and non-motor crosslinking proteins play critical roles in determining the size and stability of microtubule-based architectures. Currently, we have a limited understanding of how geometrical properties of microtubule arrays, in turn, regulate the output of crosslinking proteins. Here we investigate this problem in the context of microtubule sliding by two interacting proteins: the non-motor crosslinker PRC1 and the kinesin Kif4A. The collective activity of PRC1 and Kif4A also results in their accumulation at microtubule plus-ends ('end-tag'). Sliding stalls when the end-tags on antiparallel microtubules collide, forming a stable overlap. Interestingly, we find that structural properties of the initial array regulate PRC1-Kif4A mediated microtubule organization.
Figs. 1F-H, we find that sliding microtubules stall when their end-tags arrive in close 116 proximity (Figs. 1I-K). 117 Together, these observations suggest that human PRC1-Kif4A complexes can 118 drive the relative sliding of antiparallel microtubules over the distance of several 119 microns. However, sliding comes to a halt at microtubule plus-ends resulting in the 120 formation of stable antiparallel overlaps of constant steady state length.
Microtubule sliding velocity in the PRC1-Kif4A system scales with initial overlap 162 length 163 We next examined if the initial width of the PRC1-crosslinked anti-parallel 164 overlap impacts the sliding velocity. Remarkably, analysis of three different datasets 165 suggests that antiparallel microtubules with longer initial overlaps slide at a higher 166 velocity than microtubules with shorter initial overlaps under the same experimental that form short overlaps exhibit slower sliding than long microtubules that form long 183 overlaps (for example: 6 μm microtubules with ~3 μm overlap in Fig. 3C , blue dots), suggests the dominant contribution to the sliding velocity is from the initial overlap 185 length (Figs. 3C-D). Our findings indicate that the initial length of the antiparallel overlap 186 can tune the microtubule sliding velocity, such that longer overlaps slide at a faster rate 187 than shorter microtubule overlaps.
188
The finding that sliding velocity scales with initial overlap length raised another 189 question: is the abrupt shift from constant to decreasing sliding velocity (phase-1 to 190 phase-2) observed in these experiments due to the transition from constant to 191 decreasing overlap length as the moving microtubule slides past the immobilized 192 microtubule? Such a mechanism has been described previously for the Ase1 and Ncd 193 system (S. pombe PRC1 and Kinesin-14 homologs) [26] . To answer this question, we quantitatively analyzed the Kif4A-GFP levels in the untagged region of the overlap 211 during sliding. We find that while the total Kif4A-GFP levels in the untagged overlap Together, these data indicate that the velocity of microtubule sliding in the PRC1- induce entropic expansions of measurable magnitude in this system, suggesting that an 279 alternative mechanism is likely responsible for countering the Kif4A-mediated sliding 280 forces in the antiparallel overlap. 281 We have previously shown that PRC1-Kif4A end-tags on single microtubules 282 hinder motor-protein stepping [28] . Therefore, we considered if the collision of end-tags 283 on sliding microtubules generated a stable antiparallel overlap simply by providing a 284 steric block to sliding. To test this hypothesis, we generated stable antiparallel overlaps 285 with PRC1, Kif4A-GFP and ATP, and subsequently exchanged the nucleotide to ADP ). We find that relative microtubule sliding is reinitiated under these conditions. We analyzed five reorganization events where we could reliably measure Fig. 4 ).
324
Together, these observations suggest that microtubule sliding and stalling by 325 PRC1 and Kif4A can align multiple antiparallel filaments such that the region of overlap 326 is restricted to the plus-ends of all the microtubules. can be readily translated to the organization of microtubule overlaps whose size scales 370 with microtubule length.
371 Surprisingly, we find that the sliding velocity in the PRC1-Kif4A system is 372 proportional to the initial antiparallel microtubule overlap length (Fig. 7) . While the 373 scaling of movement velocity with motor number has been proposed for microtubule-374 based transport of cargoes in the cellular cytoplasm [40] [41] [42] , it is not typically observed forces generated by kinesin molecules [43, 44] . Our observations in the PRC1-Kif4A properties of cargoes impact microtubule sliding by motor proteins [26, 45, 46] . For 385 example, it is observed that when kinesin motors are anchored to a diffusive lipid 386 surface instead of a rigid glass coverslip, the gliding velocity of attached microtubules is 387 dependent on the number of motor molecules [26] . To understand the observed scaling 388 of velocity in the PRC1-Kif4A system, we consider the nature of the 'cargo' borne by the 389 Kif4A molecule (Appendix Fig. 1 ). The C-terminus non-motor domain of Kif4A binds the N-terminus of dimeric PRC1 [28] . The spectrin domains at the C-terminus of PRC1 391 diffusively binds and crosslinks both microtubules (Appenddix. Fig. 1 (Appendix Text and Appendix Fig. 1 ) [46] . The modeling reveals that the diffusion 401 constant of PRC1 and the total number of binding sites available for PRC1-Kif4A 402 crosslinking are likely to be key parameters in determining the extent of velocity scaling 403 with the initial overlap length (Appendix Fig. 1 ). Together, these analyses suggest a 404 potential mechanism by which the velocity of microtubule sliding by PRC1 and Kif4A 405 can scale with antiparallel overlap length.
406
A defining architectural feature of the spindle midzone is a stable antiparallel 407 microtubule array with overlapping plus-ends [6, 47] . Cell-biological analyses in different Substituting equation (1) in (4), we yield 716
Figure Legends
where . 717
Using previously published parameters (Table A1) , we examined which factors are likely 718 to dictate the dependence of initial overlap length on sliding velocity. We find that the theoretical 719 model predicts that the sliding velocity as a function of overlap depends weakly on the moving 720 microtubule length (Appendix Fig. 1B ) and the (ii) fractional occupancy of the molecules 721 (Appendix Fig. 1C ), but depends strongly on the: (i) the diffusion constant (Appendix Fig. 1D ) 722
and (ii) the number of protofilaments that are available for cross-bridging (Appendix Fig. 1E ). 723
Consistent with these trends, in our analysis of the experimental data ( Fig. 3) , we observed a 724 stronger dependence of sliding velocity on initial overlap length at higher Kif4A-PRC1 ratios 725
where we would expect a greater percent of complexes in the overlap contributing to sliding. 726 
